Učinak nanočestica boron-nitrida na neka svojstva biopolimernih nanokompozita s celuloznim nanovlaknima i nanočesticama gline Received -prispjelo: 9. 6. 2017. Accepted -prihvaćeno: 21. 2. 2018. UDK: 630*863.31 doi:10.5552/drind.2018.1737 composites. According to the obtained results, the degradation temperature of pure soy protein is lower than that of corresponding soy/BN nanocomposites. Hence, the thermal stability of soy/BN nanocomposite was found to be higher than that of virgin matrix due to the addition of thermally stable nanoboron nitride. Öner et al. (2016) used nano boron nitride to improve the thermal properties of polyhydroxybutyrate biocomposites. The barrier properties of the composites decreased with BN addition and it was found that the thermal stability of the composites with BN was higher than that of neat biopolymers. The differential scanning calorimetry results indicated that the addition of BN nanoparticles to the composites increased their crystallinity.
composites. According to the obtained results, the degradation temperature of pure soy protein is lower than that of corresponding soy/BN nanocomposites. Hence, the thermal stability of soy/BN nanocomposite was found to be higher than that of virgin matrix due to the addition of thermally stable nanoboron nitride. Öner et al. (2016) used nano boron nitride to improve the thermal properties of polyhydroxybutyrate biocomposites. The barrier properties of the composites decreased with BN addition and it was found that the thermal stability of the composites with BN was higher than that of neat biopolymers. The differential scanning calorimetry results indicated that the addition of BN nanoparticles to the composites increased their crystallinity.
In this study, BN was used to improve the thermal properties of polylactic acid (PLA) and polyhydroxybutyrate (PHB) biopolymer nanocomposites prepared with twin screw extruder. The mechanical and morphological properties of biopolymer composites were also investigated.
MATERIALS AND METHODS

MATERIJALI I METODE
Materials
Materijali
Polyhydroxybutyrate (PHB) and polylactic acid (PLA) were supplied by Good Fellow, England. Density of PHB and PLA was 1.25 g/cm 3 and 1.24 g/cm 3 , respectively. Cellulose nanofi brils (CNF) and Nanoclays (NC), used as a reinforcing fi ller, were obtained from J. Rettenmaier & Sohne (JRS) (Germany) and Nanocor (Canada). Hexagonal nano boron nitride (BN), used as fi re retardant, was supplied by Boron Product Tech. San. Tic. A.Ş (BORTEK) (Eskisehir, Turkey). All reinforcing fi llers and fi re-retardant were dried for 24 hours at 80 °C, and all materials were stored in sealed containers.
Preparation of Biopolymer Nanocomposites
(BNCs) 2.2. Izrada biopolimernih nanokompozita (BNCs)
Polymers and fi llers were mixed with speed mixer and then composites were compounded using a twin screw extruder (Aysa Instruments, Turkey). Rotor speed was 5 rpm and process temperature was set at 160 °C -180 °C. The extruded strand passed across a water bath so that this was pelletized.
The extruded nanocomposites were grounded with a lab-grinder and then the pellets dried for 3-4 Polyhydroxybutyrate (PHB) is another biopolymer produced by fermentation of renewable resources (Steinbuchel, 2003; El-Hadi, 2014) . PHB is a thermoplastic, biodegradable, renewable and environmentally friendly polymer. PHB also has a high crystallinity and low glass transition temperature (T g ) (El-Hadi, 2013; Fernandes et al., 2004) . Initial bio-sourced polymers were used in short term applications but today environmental concerns and oil shortage issues expand their areas of usage. They are used for construction, transportation and electronics, where fi re risk requires the use of fi re retardant materials (Bocchini et 
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
The effects of BN on some properties of biopolymer nanocomposites (BNCs) were investigated in this study. Tab. 2 shows the density and mechanical properties of BNCs.
As seen in Tab. 2, the density for all BNCs generally decreased with BN loading. The decrease in the density was found to be higher as the loading of BN increased. The effects of boron nitride on the mechanical properties were generally found to be negative. It was determined that the effects of BN on the mechanical properties of PHB nanocomposites were higher than on PLA nanocomposites. For all that, in a study on BN, the densities of PP composites were generally found to increase with BN loadings (Ayrilmis et al., 2013) . It was determined that the decrease in the density of biopolymers was caused by gaps and porous structure generated by interactions between biopolymer and BN, as shown in Fig. 1 . The morphological properties of the BNCs obtained with the help of SEM are presented in Fig. 1 .
According to Fig. 1 , the BN particles dispersed inside the matrix, and generally showed uniform dispersion in the matrixes. However, some BN aggregates were found in Fig. 1 . SEM pictures show that the loading of BN caused the gaps of different diameters, and the porous structure was determined in both matrixes after BN loading. It can be said that this porous structure has a negative effect on the mechanical properties according to Tab.1. TGA analysis of biopolymer nanocomposites is given in Tab.3.
The thermal stability of all nanocomposites was affected by BN loading. The thermal stability at T 10% improved with the addition of BN except for the PLA biopolymer nanocomposites (LF) with 1, 5, and 10 % BN. This showed that the BN loading increased the thermal stability of BNCs at initial response (T 10% ). The thermal stability at T 10% was found to be better for HF and HC biopolymer nanocomposites with BN compared to PLA biopolymer nanocomposites with BN. As hours before compression molding. The compression molding temperature was 175 °C, barrel temperature 170 °C and compression pressure 25 bar. The formulations of the composites are shown in Tab.1.
Methods
Metode
The properties of the PLA and PHB nanocomposites were analyzed with the standard tests such as density, fl exure strength (FMOR) and modulus (FMOE), tensile strength (TMOR) and tensile modulus (TMOE), Izod impact strength (Izod-IS), thermal properties (TG-DTA, DSC), and morphological characterization (SEM). The tension tests were conducted according to the American Society of Testing and Materials (ASTM) standard D 638-03 Type I. All tension tests were conducted at a rate of 0.2 in./min. The fl exure tests were conducted according to ASTM D 790-03, Test Method 1, Procedure A, i.e. three-point loading system. The support span was 50.8 mm, resulting in a span-to-depth ratio of 16 (±1). The tests were run at a test speed of 1.27 mm/min. The impact tests were conducted according to ASTM D 256-06. The notches were added using a NotchVIS machine manufactured by Ceast. The specimens were tested on a Resil 50 B impact test machine, manufactured by Ceast. At least eight specimens for all tests were tested for each composition, and the results are presented as an average for tested samples.
TG-DTA was tested using Hitachi STA 7300 analyzer with a heating rate of 10 o C/min from 25 °C to 600 °C, under nitrogen with a fl ow rate of 20 ml/min to avoid sample oxidation. DTA peaks, such as melting point (T m ) and decomposition point (T d ), were also measured during the thermogravimetric analysis; DSC analysis of the samples was performed using a Perkin Elmer analyzer on samples of about 5 mg. For all specimens, testing was performed by heat/cool methods. All samples were heated to 25 °C to 300 °C at a ramp rate of 10 °C/min and cooled at the same ramp rate. Melting temperature (T m ), crystallization temperature (T c ), melting enthalpy (ΔH m ), crystallization enthalpy (ΔH c ), crystallinity (X c ) of materials was determined from thermograms. The value of theoretical melting enthalpies of 100 % crystalline PLA and PHB was 93.1 J/g and 146 J/g, respectively. The samples were observed with an environmental scanning electron micro- It was found that the effects of BN were higher on the mechanical properties of PHB nanocomposites than on PLA nanocomposites. The SEM result showed that BN particles dispersed inside the matrix, and generally showed uniform dispersion in the matrixes. However, some BN aggregates were found in the SEM images. Thermal stability of biopolymer nanocomposites was found to improve with the addition of BN. The addition of BN showed improvement of T 10% , T 50% , and T 85% . In DSC analysis, T m and T c generally increased with the addition of fi llers, and X c was also raised with the increase of ΔH c and ΔH m .
the temperature was increased, the degradation temperature at T 50% was found to be generally better for HC and LC biopolymer nanocomposites than for neat polymers. At T 85% , the thermal stability of HF and HC biopolymer nanocomposites increased as compared to neat biopolymer, whereas the thermal stability of LF an LC biopolymer nanocomposite was determined to decrease with the addition of BN. The best temperature in DTG max was found to be 304. DSC analysis was conducted by cooling and heating of neat polymers and all biopolymer nanocomposites. The crystallization temperature (T c ) and melting temperature (T m ) changed with the loading of fi llers. The highest value of Tc was found to be 109.5 °C for HC without BN in PHB nanocomposites, and 116.6 °C for LF with 10 % BN. The highest Tm was found to be 169.7 °C for HC with 10 % BN for PHB nanocomposites, and 164.8 °C for LF without BN for PLA nanocomposites. Seen as Xc values, the crystallinity was found to decrease with the addition of BN except for HC1 and HC5.
CONCLUSION
ZAKLJUČAK
The addition of BN to biopolymer matrixes decreased the density of nanocomposites and mechanical properties except for TMOE of PLA nanocomposites. 
